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出具有特定晶面裸露的 MnO 和 ZnO 纳米材料。 
1. 通过水热法利用 F- 的吸附合成出具有高能(001)面裸露的二氧化钛纳米片，高
能(001)面可以占到整个表面的 89%，而且这种纳米片表现出非常高的光催化活




{001} > {102} ≈ {103} > {401} > {101}。 



















4. 通过不同的试验条件合成出具有不同晶面裸露的 ZnO 纳米材料，分别为具有
{1011}面和(0001)面裸露的锥状 ZnO，具有{1010}面裸露的柱状 ZnO，以及具有
(0001)和(0001)面裸露的片状 ZnO。通过比较这三种不同晶面裸露的 ZnO 纳米材
料的光催化和气敏活性，研究表明，ZnO 晶面与光催化和气敏活性的关系为：



























Metal oxides (TiO2, SnO2, ZnO) are widely used as photocatalysts, gas sensors, 
solar cells and so on. The key scientific and technological issue of metal oxide is to 
further improve their activity, and utilization efficiency. Surface is a sepecial and 
important component of solid state materials. Many chemical and physical processes 
take place on the surface of materials. Therefore, the surface structure determines 
many surface related physical and chemical properties of the materials. In recent years, 
special attention has been paid to developing methods for controlling the shapes of 
nanocrystals in order to tune their properties. However, according to our knowledge, 
most of naturally and artificially grown nanoparticles are exposed with low energy 
facets, as high-energy surfaces usually diminish quickly for minimization of surface 
energy during a crystal growth process. However, high energy surfaces usually exhibit 
relatively good chemical performance. Therefore, it is a great challenge to synthesize 
nanopartices exposed with high energy facets.Up to date, only a few reports concerns 
the syntheses of nanocrystals exposed with high energy facets. 
For nanocrystals, their surface structure can not be controlled by cutting or 
polishing as bulk crystals usually do. It can only be controlled during the crystal 
growth process. In this thesis, we respectively synthesized the TiO2 nanosheets with 
exposed high-energy (001) facets, octahedron-shaped SnO2 bound by high energy 
{221} facets by hydrothermal methods. It has been demonstrated that the 
corresponding physical-chemical performances (photocatalysis, gas sensing) have 
been greatly improved. Photocatalytic and gas sensing properties were studied by 
comparing different shapes of ZnO. In addition, we found that exposed surfaces can 
be controlled by top-down directional etching process. By applying this strategy, the 
specific crystal facets of MnO, ZnO nanoparticles have been controlled by selectively 
etching using oleic acid as the etchant. 
1. Rectanglar TiO2 nanosheets with highly reactive (001) facets as the top and bottom 
surfaces have been successfully synthesized by a simple hydrothermal route with the 
assistance of hydrofluoric acid solution. The percentage of (001) facets in the sheets 
was 89% with the optimal adjustment of the amount of hydrofluoric acid and reaction 
temperature. Such TiO2 nanosheets show excellent photocatalytic efficiency, far 















percentage of (001) facets. 
2. A serials anatase TiO2 nano-crystals with exposed high energy (001) facets or 
high-index {103}, {102}, {401} facets and/or low energy {101} facet were 
successfully synthesized by using K-titanate nanowires as precursors. It has been 
demonstrated that the photocatalytic activities of anatase TiO2 nanocrystals 
intensively depend on the exposed facets, which follow the sequence of {001} > {102} 
≈ {103} > {401} > {101} 
3. Octahedral SnO2 particles with exposed highenergy {221} facets were synthesized 
by a simple hydrothermal route with the assistance of HCl and PVP. The 
morphologies (lance-shaped, elongated-octahedral, octahedral) of the SnO2 particles 
can be controlled by changing the amount of HCl. The octahedral SnO2 particles show 
excellent gas-sensing performance due to the high chemical activity of the exposed 
{221} facets. Our results demonstrate that it is feasible to improve gas-sensing 
properties of SnO2-based sensors by the surface-engineering strategy, that is, 
selectively exposing high-energy facets at the surface of sensing materials. 
4. Three kinds of ZnO micro/nano structures with different definite crystal surfaces 
have been successfully synthesized, and the relationship between surface structures 
and gas sensing and photocatalytic properties have been studied. We find that the 
order of gas sensing and photocatalytic efficiency of the ZnO crystal planes is 
(0001) > {1010} > {1011} and (0001). On the basis of related XPS spectra and 
structural analysis, we believe that the gas sensing and photocatalytic efficiency of 
these ZnO samples with different morphologies depends on the chemsorption ability 
of the exposed planes. The Zn terminated surfaces have the highest chemsorption 
ability and therefore have the highest gas sensing and photocatalytic activity. 
5. We developed “top-down” selective etching strategy for the control of surface 
structures of nanocrystals. In the oleic acid and 1-octylamine system, 
octahedron-based MnO exposed with {111} polar surfaces has been selectively etched 
to form the six-horn-like branched MnO along [100] direction, and the column-shaped 
ZnO with exposed {1010} facets have been selectively etched to form the pagoda-like 
morphology ZnO with exposed with {1011} facet and (0001) facets. 
























































Figure 1-1. Surface atomic arrangement model for Pt low index facets of (111), (100), 





(100) 晶面存在时则发生了异构化反应，有趣的是在 (10 8 7) 晶面存在的条件下
则发生了氢解反应 (Figure 1-2)[3]。 
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